Introduction/Objective Activation of insulin-like growth factor receptor (IGF-1R) results in cell transition from growth phase to synthesis phase of cell cycle. Breast cancer is categorized into prognostic and therapeutic subtypes based upon hormone receptor, estrogen receptor (ER), and progesterone receptor (PR) expression and human epidermal growth factor receptor 2 (HER-2) expression. The objective of this study was to examine the expression of IGF-1R in а specific subtype invasive breast cancer and its correlation with basic histopathological and immunohistochemical prognostic parameters. Methods Formalin-fixed paraffin-embedded tumor samples were obtained from 129 female patients with invasive breast cancer (I-III disease stage) with the follow-up ranging 36-108 months (average 48 months). For immunohistochemical staining, we used monoclonal antibodies for ER, PR, IGF-1R, and polyclonal antibody for HER-2. Results IGF-1R inversely correlated with tumor stage (p = 0.017), tumor grade (p = 0.001), HER-2 (p = 0.003), whereas significant positive correlation was found with multifocality/multicentricity of breast cancer (p = 0.036), ER (p = 0.001) and PR (p = 0.0001) expression. Cox-regression analysis for relapse-free survival (RFS) showed that disease stage (p = 0.039) and HER-2 (p = 0.033) were independent prognostic factors. IGF-1R did not predict clinical outcome in patients with breast cancer (p = 0.488, Kaplan-Meier test for RFS). Conclusion Patients with low stage and grade hormone-dependent breast cancer had a significantly higher IGF-1R expression than patients with triple negative or HER-2 overexpressed cancer. The present findings also highlight that IGF-1R expression in multicentric/multifocal breast cancer supports the key roles in tumor initiation.
INTRODUCTION
Insulin receptor family represents an activator of class II tyrosine kinase with three members: insulin receptor (IR), insulin-like growth factor receptor 1 (IGF-1R), and insulin-like growth factor receptor 2 (IGF-2R). IR activation influences metabolic activity in vertebrates. IGF-1R activating results in proliferation and differentiation of cells. IGF-2R is structurally and functionally different from the IR and IGF-1R, it is a monomer without tyrosine kinase activity. IGF-1R is a dimmer made of α and β subunits and has the same structure as the IR with which it builds hybrid receptors (IR/IGF-1R) [1, 2, 3] . IRs can be activated by insulin and two insulin-like growth factors (IGFs): insulin-like growth factor 1 (IGF1) and insulin-like growth factor 2 (IGF2). Many cells have been identified as producing as well as responding to the IGFs, including fibroblasts, chondrocytes, osteoblasts, granulosa cells, and epithelial breast cells. In circulation, IGF1 and IGF2 are attached to six insulin-growth binding proteins (IGFBP [1] [2] [3] [4] [5] [6] and protected from the action of proteases (Figure 1 ). IGF-1R together with the hormone receptors regulates the development of the epithelium of the normal glandular breast tissue [4, 5] . Breast cancers are categorized into subtypes based on immunohistochemical hormone receptors expression (ER and PR) and human epidermal growth factor 2 (HER-2) expression. There are two major groups: hormone-dependent/luminal breast cancer involves luminal A (ER+, PR+, HER-2/-, Ki67 low ) and luminal B (ER+, PR+/-, HER-2+/-, Ki67 high ); hormone-independent/ basal-like breast cancer involves triple negative (TNBC) breast cancer (ER-, PR-, HER-2-) and HER-2 overexpressed (ER-, PR-, HER-2+). The TNBC subtype does not express therapeutically targetable ER, PR, or HER-2 receptors, making the aggressive subtype difficult to treat [6] . Nowadays, IGF-1R makes an attractive target for investigation for a different type of malignancy and anticancer therapy. The prognostic and predictive role of IGF-1R in breast cancer is still unknown. The optimal cut-point and standardized immunohistochemical expression of this receptor are subjects of discussion [7] . A few studies have examined the relationship of the IGF-1R expression according to the hormone and HER-2 and resistance to antiestrogen therapy [8, 9] . Some in vitro studies have given promising results, supporting the rationale for dual targeting of HER-2 and/or IGF-1R as an improved treatment regimen for advanced therapy tailored to different types of cancer [10] .
METHODS

Patient selection
Biopsy specimens for 129 invasive breast cancer in stage I-III diagnosed at the Department of Pathology of the University Hospital Foča (Republic of Srpska) from January 2008 to January 2013 were taken for the study. We retrospectively analyzed the Clinical Centre medical data collected from the Department of Surgery, Department of Oncology, and records of family doctors. The prospective follow-up was 48 months (range 36-108) with last data obtained in November 2016. Subjects did not receive preoperative chemo-/radio-or hormone therapy. Minimum resection margin distance of invasive cancer or in situ component was 3 mm. Postoperative therapy for individual subtypes of breast cancer was determined following St Gallen consensus from 2008 [11] . The stage of breast cancer was determined following American Joint Committee on Cancer classification from 2010. Histologic grade of the tumor is determined by Elston-Ellis modification of the Scarff-Bloom-Richardson grading systems [12] .
Immunohistochemical staining methods
Formalin-fixed, paraffin-embedded tissue samples were cut at 3-5 μm. Following standard procedure, they were dried (30 minutes in the air), "baked" (60 minutes at 65°C) in an oven, dewaxed in xylene (two changes of five minutes), underwent drop-down rehydration concentrations of ethyl alcohol (100%, 96%, 70%, five minutes for each change), and were rinsed in distilled water. Endogenous peroxidase activity was blocked by 3% H 2 O 2 (10 minutes at ambient temperature), and the unmasking of antigens was derived by heat treatment of tissue in a microwave oven. Sections were incubated with primary antibodies: mouse monoclonal anti-IGF-1R (clone 24-31 ab4065, dilution 1:50; Abcam, Cambridge, UK); mouse monoclonal anti-ERα clone 1D5 (M7047, dilution 1:60; DAKO Corporation, Carpinteria, CA, USA); mouse monoclonal anti-PR clone 636 (M3569, dilution 1:100; DAKO Corporation); and polyclonal rabbit anti-HER-2 clone 340 (A0485, dilution 1:60; DAKO Corporation). After washing, primary antibodies were treated with streptavidin peroxidase for 15 minutes. DAB chromogen was added in the final procedure step to visualize a positive. During a short incubation period (± 51 minutes), a pre-formed complex was able to develop a brown colour in the interaction with the DAB chromogen. Following immunohistochemical staining (IHC) of the tissue sample, specimens were stained with Mayer's hematoxylin, dehydrated through a series of ethyl alcohols up to absolute alcohol (70%, 90%, and 100%), washed in xylene and mounted in Biomont. The IGF-1R protein was located at the plasma membrane (α subunit) and the cytoplasm (β subunit). Placental tissue was utilized as an adequate external control. Stainability was estimated semiquantitatively based on Allred scoring system. Summarizing of the percentage of positive tumor cells (< 1% = 1; 1-10% = 2; 11-33% = 3; 33-66% = 4; 67-100% = 5) and staining intensity (1 = weak staining can easily be observed at high-power field; 2 = moderate staining can easily be seen under moderate power objective magnification; and 3 = strong staining can easily be observed under low power objective magnification), the expression was scored as follows: negative (0-2), low 1+ (3-4), moderate 2+ (5-6), and strong 3+ (7) (8) . Scores of 0 and 1 were considered to be a negative finding, and scores of 2 and 3 a positive one. The same method was applied to ER and PR scoring. Hormone receptor positivity is defined as Allred score of > 2 [13, 14] . For the evaluation of HER-2, only staining of the tumor cell membranes was considered to be specific. Positive cases were defined as IHC-3+ and IHC-2+ FISH retested with amplification ratio C > 2.0 [15] .
Statistical analysis
The association between the intensity of expression with tumor grade, lymph node status, and tumor size was studied with linear correlation method based on the Pearson correlation coefficient (r). For relapse-free survival (RFS) we used the Kaplan-Meier test, while the Cox proportional hazard regression model was used for multivariate analysis. Statistical analyses were performed using SPSS 17.0 (SPSS Inc., Chicago, IL, USA). Statistical significance was established at the p < 0.05 level.
RESULTS
Characteristics (clinical and histopathological data) of 129 patients with breast cancer are shown in Table 1 . One hundred seventeen patients (90.7%) were alive without evidenced progression of the disease; 12 patients (9.3%) had a relapse of the disease. Bone metastases were registered in five (41.7%) patients, locoregional recurrence in two (16.7%), and one patient (8.3%) had metastases in lungs, liver, brain, remote lymph node and in two organ systems.
IGF-1R expression
Forty-seven of the 129 samples (37.2%) of breast cancer showed no or weak staining (scores of 0 and 1+), 41 (31.8%) moderate (score of 2+) and 42 (32.6%) strong immunohistochemical expression (score of 3+) (Figure 2 ). (Table 3) .
DISCUSSION
Up to now, the prognostic value of the IGF-1R expression on disease outcome has been controversial, with studies reporting both positive and negative findings [16, 17, 18] . In our study, IGF-1R expression did not independently predict on relapse-free survival and clinical outcome. Conflicting results may arise from discordant methodological approaches, distinct molecular subtypes studied, genetic differences between different populations, and tumor heterogeneity. Our study demonstrated high expression (score of 2+ or 3+) of IGF-1R in 64.4% of the samples. This is in line with some other studies [19] . Up to 50% of breast tumors express the activated form of IGF-1R. In our study, IGF-1R was predominantly expressed in well-differentiated and hormone-dependent breast cancers. IGF-1R and the ER are critical for mammary gland development. The ER and the IGF pathway show dynamic and intricate interference, resulting in bidirectional regulation of expression and activity. ER transcriptionally upregulates IGF-1R expression. Positive correlation exists between cyclin D1 and ER expression, which has already been explained in both experimental and clinical studies, because ER acts as the main mitogen stimulator in breast cancer [20] . The role of IGF-1R in mammary stem cell maintenance and a necessity for lineage differentiation suggest that aberrantly expressed IGF-1R may be capable of enhancing cell potential and changing cell fate in a tumor, perhaps even in tumors composed of fully differentiated cells. As discussed above, the IGF-1R expression is essential for driving luminal alveolar differentiation, linking IGF-1R to the luminal lineage [21, 22] . Furthermore, many studies indicate a down-regulation of IGF-1R upon cancer progression, whereas others report elevated levels in metastatic stages. Once cancer has been confirmed, the importance of IGF-1R for disease progression remains unclear. In our study, IGF-1R was highly expressed in patients with early breast cancer and overall positively associated with good prognostic variables. We have indicated the decrease of IGF-1R expression with disease progression. High-level IGF-1R expression had low stage breast cancer with multiple/multicentric unilateral or bilateral growth. We emphasize that IGF-1R could have effects in early phases of development of luminal breast cancer. Numerous in vitro studies demonstrate IGF-1R as a driver of self-renewal, stem cell surface markers, migration, and invasion in both normal and cancerous tissues and tumor initiation in hepatic, lung, prostate, and breast cancers [23] . Approximately 40-60% of ER-positive tumors express IGF-1R, while expression in ER-negative tumors is only 10-20%. Considering the correlation of IGF-1R with hormone-dependent tumor type and early stage, we assume that ER/IGF-1R axis might represent a distinct proliferative pathway during breast cancer development. Other studies report that IGF-1R is a receptor expressed in the basaloid type breast cancer and has a role in anti-HER-2 resistance (Herceptin) [24] . We found a negative correlation between IGF-1R-overexpressed and HER-2-positive breast cancer. In general, IGF-1R correlates with good prognostic markers, such as ER and PR-positivity and HER-2-negativity. However, the IGF-1R expression has differential effects in different breast cancer subtypes. For example, its expression has been shown to be positively correlated with improved breast cancer-specific survival among patients with ER-positive tumors, while its expression was associated with an inferior prognosis in patients with HER2-overexpressing or triple-negative tumors. In models of breast cancer cells that overexpress HER-2, anti-HER-2 activity is disrupted by increased expression of IGF-1R. Nowadays, antibodybased molecular therapies have been developed for HER-2. IGF-1R can form heterodimers with the HER-2 tyrosine kinase and contribute to the development of resistance to HER-2 inhibition with the monoclonal antibody. An association between IGF-1R and HER-2 in IGF-1R-dependent tumor transformation has been reported in mammary luminal epithelial cells, indicating that the IGF-1/HER-2 cross-talk may occur via autocrine and paracrine signaling. A recent study concluded that neoadjuvant therapy can induce changes in the IGF-1R expression. Therefore, there are many studies with opposite results [25, 26] . It is possible that IGF-1R expression is dependent not only on the specific cell type and disease stage, but also it is dependent on specific therapy and another factor. In some other tumors, like lung cancer, the expression of IGF-1R correlated with a less favorable outcome [27] . This indicates that IGF-1R activities might be not only diverse but also tissue-specific. To test this hypothesis, we evaluated the protein expression of the most important components of the IGF-1R signaling pathway in hormone-dependent breast cancer and their significance according to the tumor subtypes. This clearly indicates other functions of IGF-1R that are not related to cell cycle progression and tumor aggressiveness, which may include cell differentiation and growth arrest.
CONCLUSION
IGF-1R is particularly important for the establishment and maintenance of the transformed phenotype and for the survival of tumor cells with anchorage-independent growth in breast carcinoma with luminal differentiation.
